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In the title compound, j[Ag2Fe(CN)4(H20)2]-2Ci2HioN2)„, the asymmetric unit 
contains one Fe'' cation, two water molecules, two dicyanidoargentate(I) anions 
and two uncoordinating l,2-bis(pyridin-2-yl)ethylene (2,2'-bpe) molecules. Each 
Fe" atom is six-coordinated in a nearly regular octahedral geometry by four N 
atoms from dicyanidoargentate(I) bridges and two coordinating water mol- 
ecules. The Fe" atoms are bridged by dicyanidoargentate(I) units to give a two- 
dimensional layer with square-grid spaces. The intergrid spaces with interlayer 
distance of 6.550 (2) A are occupied by 2,2'-bpe guest molecules which form O— 
H- ■ N hydrogen bonds to the host layers. This leads to an extended three- 
dimensional supramolecular architecture. The structure of the title compound is 
compared with some related compounds containing dicyanidoargentate(I) 
ligands and N-donor organic co-ligands. 



1 . Chemical context 




Metal-organic frameworks (MOFs) have attracted much 
attention because of their versatile topologies and dimensions. 
These structural properties lead to potential interesting 
applications in the filed of magnetism, sensing, porous 
materials and catalysis (Biswas et al, 2014; Horike et al, 2008; 
Sanda et al, 2013). Structural diversity in MOFs can occur as a 
result of various preparation methods. However, supra- 
molecular chemistry and topologies of MOFs are rather 
controlled by the nature of the metal ions and the structure of 
the organic ligands (Yang et al, 2008). 
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One-, two- and three-dimensional frameworks containing 
dicyanidoargentate(I) and N-donor hnkers such as pyrazine, 
4,4'-bpy and 4,4' -bpe [bpy is bipyridineand bpe is l,2-bis(4- 
pyridyl)ethylene] ligands have been studied (Soma & 
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Figure T 

A view of the asymmetric unit in (I), showing displacement ellipsoids at 
the 50% probability level and the atom-numbering scheme. H atoms have 
been omitted for clarity. 

Iwamoto, 1996; Munoz et ai, 2007; Dong et al, 2003). Whereas 
4,4'-bpe appears to be somewhat ubiquitous in cyanido 
compounds, its cousin 2,2' -bpe is not very often used, which 
led us to prepare a dicyanidoargentate(I) compound with a 
2,2'-bpe ligand. In this communication, we report the synthesis 
and crystal structure of a three-dimensional supramolecular 
framework of {[Ag2Fe(CN)4(H20)2]-2Ci2HioN2|„, (I). 

2. Structural commentary 

The asymmetric unit consists of one Fe" atom, two dicyan- 
idoargentate(I) ligands, two water molecules and two 
uncoordinating 2,2'-bpe molecules (Fig. 1). Agl and Ag2 are 
situated on inversion centres. The dicyanidoargentate(I) 
hgands hnk Fe" atoms into an infinite two-dimensional layer 




Figure 2 

A view of the square grid of (I) in the ac plane; the 2,2' -bpe molecules 
have been omitted. [Symmetry codes: (iii) —x+l,—y + 2,z', (iv) —x, 
—y -I- 1, — z -I- 1; (v) —X + 1, — y, — z -i- 1.] 



network with a nearly square-grid geometry of 10.66 x 
10.64 (Fig. 2). The Fe" ion is six-cooordinated in a nearly 
regular octahedral geometry by four N atoms from four di- 
cyanidoargentate(I) ligands and two water molecules. 



Table 2 

Hydrogen-bond geometry (A, °). 
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a- -A 




£)-H 


H- ■ -A 


D- ■ A 


D-H- ■ -A 


Ol 


-mw- 


■N5 


0.76 (3) 


2.07 (3) 


2.829 (2) 


11 A (2) 


02 


-H4W- 


■N6 


0.73 (3) 


2.09 (3) 


2.823 (3) 


174 (3) 


Ol 


-HIW- 


■N7' 


0.75 (3) 


2.14 (3) 


2.870 (3) 


164 


02 


-H3W- 


■N8" 


0.74 (3) 


2.15 (3) 


2.868 (3) 


162 



Symmetry codes: (i) x — 1. y. z: (ii) y + \, z- 



3. Supramolecular features 

Four independent 2,2'-bpe molecules are located between 
adjacent grid layers of which two are parallel (blue) to the grid 
layers and two non-parallel (red) (Fig. 3). The interlayer 
distance is 6.550 (2) A. The two parallel 2,2'-bpe ligands form 
hydrogen bonds to the host layer (Ol— H2W- ■ ■N5 = 2.07 A 
and 02-H4W- ■ -Ne = 2.09 A) (Fig. 4fl), while the other two 
arrange themselves across the host layer to form also 
hydrogen bonds (01-H1W---N7 = 2.14 A and 02- 
H3W---N8 = 2.15 A) (Fig. Ab) to the host layers. These 
hydrogen bonds generate an extended three-dimensional 
supramolecular framework. 

4. Database survey 

The two-dimensional structure of (I) was found to be different 
from other closely related compounds. In the structure of 
[Cd(imH)4[Ag(CN)2]2]„ (imH = imidazole), a one-dimen- 
sional chain via bridging dicyanidoargentate(I) is found, while 
all imidazole molecules act as a terminal ligand (Takayoshi & 
Toschitake, 1996). In addition, the two-dimensional frame- 
work of [Fe(3-Fpy)2[Ag(CN)2]2]„ (3-Fpy = 3-fluoropyridine) 
consists of four cyanide moieties occupying the equatorial 
positions generating a square grid-type structure similar to 



A:- 





1 , (H 


> 















Figure 3 

2,2'-Bpe in parallel (blue) and non-parallel (red) fashion between 
adjacent layers. 
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Table 3 

Experimental details. 



Table 1 

Selected bond lengths (A). 



Crystal data 
Chemical formula 

M, 

Crystal system, space group 
Temperature (K) 
a, b, c (A) 

Z 

Radiation type 
/X (mm^') 
Crystal size (mm) 

Data collection 
Diffractometer 

Absorption correction 

No. of measured, independent and 
observed [/ > 2cr(/)] reflections 

(sin 6ltt)„„ (A"') 

Refinement 

R{F^ > 2a(F^)\. wR{F^). S 
No. of reflections 
No. of parameters 
H-atom treatment 



Ap„„, Ap„i„ (e A"') 



[Ag2Fe(CN)4(H20)2]-2Ci2HioN2 

776.14 

Triclinic, PI 

293 

9.2078 (4), 9.8558 (5), 18.9029 (9) 
77.667 (1), 77.507 (1), 67.900 (1) 
1535.11 (13) 
2 

Mo Ka 
1.77 

0.43 X 0.11 X 0.09 



Bruker SMART CCD area 

detector 
Multi-scan {SADABS; Bruker, 

2007) 
0.684, 1.000 
21143, 7389, 5865 



0.024 
0.661 



. 1.03 



0.029, 0.073, 
7389 
389 

H atoms treated by a mixture of 
independent and constrained 
refinement 

0.32, -0.37 



Computer programs: SMART and SAINT (Bruker, 2007), SHELXS97 and SHELXL97 
(Sheldrick, 2008), Mercury (Macrae et al, 2008) and publCIF (Westrip, 2010). 



that of the title compound, while the axial positions are 
occupied by two terminal 3-Fpy ligands instead of two water 
molecules in (I) (Munoz et al, 2007). When the terminal 
hgands such as imH and 3-Fpy are replaced by N-donor 
linkers such as pyrazine, 4,4'-bpy and 4,4'-bpe, three-dimen- 
sional interpenetrating frameworks are obtained, as in 
|[Fe(pz)[Ag(CN)2]2].pz)„ (pz = pyrazine), [Mn(4,4'-bpy)2- 
[Ag(CN)2]2]„, [Fe(4,4'-bpy)2[Ag(CN)2]2]„ and [Fe(bpe)2- 



Fe-Ol 
Fe-02 
Fe-Nl 



2.1365 (15) 
2.1392 (16) 
2.1440 (17) 



Fe-N4 
Fe-N2 
Fe-N3 



2.1489 (16) 
2.1522 (16) 
2.1539 (17) 



[Ag(CN)2]2]„ (Niel et al, 2002; Dong et al, 2003). The last 
compound contains bpe bridges, while in the title compound 
2,2'-bpe behaves as the organic guest molecules in the lattice. 
This could be the result of the difference in the N-donor 
position. 

5. Synthesis and crystallization 

An aqueous solution (5 ml) of K[Ag(CN)2] (0.0995 g, 
0.5 mmol) was added dropwise to an MeOH-H20 mixed 
solution (1:1 v/v, 10 ml) of (NH4)2[Fe(S04)2]-6H20 (0.0980 g, 
0.25 mmol) and 2,2' -bpe (0.0911 g, 0.5 mmol) at room 
temperature. After filtration and slow evaporation for 1 d, 
yellow crystals were obtained. 

6. Refinement details 

Crystal data, data collection and structure refinement details 
are summarized in Table 1. C-bound H atoms were positioned 
geometrically and included as riding atoms, with aromatic C— 
H = 0.93 A and f/,-,„(H) = 12U,„{C). Water H atoms were 
located in difference Fourier maps and refined isotropically. 

Acknowledgements 

The authors gratefully acknowledge The Thailand Research 
Fund (BRG5680009), the Higher Education Research 
Promotion and National Research University Project of 
Thailand, through the Advanced Functional Materials Cluster 
of Khon Kaen University, and the center of Excellence for 
Innovation in Chemistry (PERCH-CIC), Office of the Higher 
Education Commission, Ministry of Education, Thailand, for 
financial support. 




Figure 4 

A fragment of the three-dimensional supramolecular framework via N---H— O hydrogen-bonding interactions between (a) parallel 2,2'-bpe and 
coordinating water molecules (dashed lines), and {b) non-parallel 2,2'-bpe and coordinating water molecules (dashed lines). [Symmetry codes: (i) x — 1, 
y, z; (ii) x,y + I, z.] 
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Crystal structure of a two-dimensional grid-type iron(ll) coordination polymer: 
poly[[diaquatetra-/^-cyanido-diargentate(l)iron(ll)] fra/is-1^2-bis(pyridin-2- 
yl)ethylene disolvate] 

Jintana Othong, Nanthawat Wannarit, Chaveng Pakawatchai and Sujittra Youngme 
Computing details 

Data collection: SMART {Bmker, 2007); cell refinement: SMART {Bmksr, 2007); data reduction: SAINT {Bmker, 2007); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: Mercury (Macrae et al, 2008); software used to prepare material for publication: 
publCIF (Westrip, 2010). 

Poly[[diaquatetra-fr-q'anido-diargentate(l)iron(ll)] bis[fraf}s-1,2-bis(pyridin-2-yl)ethylene]] 



Crystal data 



Hall symbol: -P 1 
a = 9.2078 (4) A 
b = 9.8558 (5) A 
c= 18.9029 (9) A 
a = 77.667 (1)° 
ye = 77.507(1)° 
y = 67.900(1)° 



[Ag2Fe(CN)4(H20)2] •2C12H10N2 
M- = 776. 14 
Triclinic, PI 



F= 1535.11 (13) A3 
Z=2 

F(000) = 768 
776.14 

Z)x= 1.679 Mgm-3 

Mo Ka radiation, A = 0.71073 A 

= 1.77 mm"' 
r=293K 



Block, yellow 

0.43 X 0.11 X 0.09 mm 



Data collection 



Bruker SMART CCD area-detector 



21143 measured reflections 
7389 independent reflections 
5865 reflections with /> 2f7(/) 
i?,nt = 0.024 

^^max = 28.0°, Oram =1.1° 



diffractometer 
Radiation source: fme-focus sealed tube 
Graphite monochromator 
phi and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 
= 0.684,7^=1.000 



A = -12^12 
A: = -13^13 
/ = -24^24 



Refinement 



Refinement on 

Least-squares matrix: full 

R[F^ > laiF^)] = 0.029 

wRiF') = 0.073 

5= 1.03 

7389 reflections 

389 parameters 



Hydrogen site location: inferred from 
neighbouring sites 



Primary atom site location: structure-invariant 
direct methods 



0 restraints 



Secondary atom site location: difference Fourier 

map 
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H atoms treated by a mixture of independent 

and constrained refinement 
w = IVCFo^) + (0.0324P)2 + 0.194 IP] 

where /' = (F„2 + 2Fe2)/3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted i?- factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative The threshold expression of 7^ > a(F-) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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TJ- *IT7 
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0.09581 (12) 


0.0717 (6) 


C26 
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H26 


0.1402 


0.1178 


0.5673 


0.081* 


C3 


-0.0459 (3) 


1.0458 (3) 


0.25155 (14) 


0.0618 (6) 


C2 


0.1135 (3) 
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0.0676 (7) 


H7 


0.6930 


0.0232 


0.1303 


0.081* 


C8 


0.6063 (3) 


0.2340 (2) 


0.08276 (12) 
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U.U623 (3) 


A AAOO /0\ 

— O.UUoo (2j 


A An A 1 ^ ^\ 

U. 4/413 (12) 


0.U5 /4 (6) 


H28 


0.0714 


-0.0651 


0.4386 


0.069* 


HIW 


0.096 (3) 


0.684 (2) 


0.1727 (12) 


0.044 (7)* 


H2W 


0.211 (3) 


0.574 (3) 


0.1795 (13) 


0.062 (8)* 


H3W 


0.339 (3) 


0.887 (3) 


0.3313 (13) 


0.053 (8)* 


H4W 


0.450 (3) 


0.779 (3) 


0.3230 (14) 


0.062 (9)* 



Atomic displacement parameters (A^) 







JJ12 










Ag3 


0.04673 (11) 


0.03995 (10) 


0.08458 (15) 


0.01369 (7) 


-0.01787 (10) 


-0.01697 (9) 


Ag2 


0.06824 (17) 


0.07681 (18) 


0.03192 (12) 


-0.03820(14) 


0.00292(11) 


0.00933 (11) 


Agl 


0.08051 (19) 


0.07607 (18) 


0.03474 (13) 


-0.03990 (15) 


0.00655 (12) 


0.01030(12) 


Fe 


0.02927 (13) 


0.02553 (12) 


0.02578 (13) 


-0.00351 (10) 


0.00002 (10) 


-0.00020 (9) 


01 


0.0401 (8) 


0.0444 (8) 


0.0442 (8) 


-0.0085 (7) 


-0.0104 (7) 


-0.0089 (7) 


02 


0.0484 (9) 


0.0357 (8) 


0.0442 (9) 


-0.0082 (7) 


-0.0085 (7) 


-0.0083 (7) 


N3 


0.0452 (10) 


0.0412 (10) 


0.0621 (12) 


0.0063 (8) 


-0.0073 (9) 


-0.0065 (9) 


N2 


0.0514(10) 


0.0524 (10) 


0.0336 (9) 


-0.0206 (8) 


0.0007 (8) 


0.0023 (7) 


Nl 


0.0570(11) 


0.0512 (10) 


0.0345 (9) 


-0.0208 (8) 


0.0017 (8) 


0.0025 (8) 
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sup-3 



supporting information 



JN4 




U.Ujol (5) 


A AC/1 1 /I A\ 

U.IJD41 (lU) 


A AAA/1 /''7\ 
U.UUU4 ( /) 


A A 1 O C /OA 

— U.U12D (o) 


A A1 O"? 

— U.U12 / ( /) 




U.UMJ (iU) 


A AC 1 1 /I A^ 

O.ODll (lU) 


A AOAC /A\ 

0.0395 (y) 


A A 1 OO /0\ 

— 0.01o2 (o) 


A AA/1 1 /0\ 

—0.0043 (o) 


A AAAA /0\ 
— U.UU9U (8) 


No 


A AC 1 "7 / 1 A\ 

U.OSi / (iU) 


A A/1 CA /■A\ 
0.04D0 (9) 


0.03 /D (y) 


A A1 T? 

—0.01 / / (o) 


A AAOA /0\ 

— O.OOoO (o) 


A AAO O /*7\ 

— O.OU38 (/) 


XT'? 

JN / 


U.U/oU (15) 


U.U/D / (ID) 


A A^Cl /I /l^ 

U.U0D3 (14) 


A A1 CI /"I 0\ 

— U.Ulo3 (12) 


A AOT^ /I 0\ 

— U.U2/3 (12) 


A A1 /;q /i o\ 
—U.Uloo (12) 




A AT/IT /I ^\ 
U.U /4 / (1 1) 


A A/^IQ C^ 

U.UOJO (ID) 


A A/^oT /I 
U.Ud2 / (lo) 


A A1 /I 1 /I "SA 

— U.U141 (13) 


A A1 A/1 /"I 

— U.U1U4 (13) 


A AO /IT /I 0\ 

— U.U24 / (12) 


C3 


AACIC 

U.UMd yii) 


A A/1/1/1 

I). 0444 (12) 


AAT31 / 1 ^\ 

0.0/31 (16) 


A AATA / 1 r\\ 
0.00 /y (10) 


A A1 AO /'10\ 

-0.0148 (12) 


AA1/10/11\ 

— U.U140 (11) 


Cz 


U.UDoo (13) 


A ACAO /I '3\ 

O.ODyo (13) 


A r\ii^ /1 1 \ 
0.0332 (11) 


A AOC/I /I 1 \ 

— 0.02D4 (11) 


A AAA'2 ^Ci\ 

0.0003 (9) 


A AA 1 /C /'A\ 

0.0016 (9) 


1 


A A^^l /■! A\ 
U.UODJ (14) 


A AC70 /"I '2\ 
(J.UD /y (1 J ) 


A f\1 AO / 1 1 ^ 

U.U34y (11) 


A f\onA /1 1 ^ 
— U.U2 /4 (1 1) 


A AA1 n ^^ a\ 
U.UUI / (lU) 


A AA1 C /I A^ 

U.UUID (lU) 


C4 


U.U4Z4 (11) 


A CilQI t\ A^ 

U.UJ53 (lU) 


A f\^^^ ^^ A\ 
U.Uo3d (14) 


A AA 1 1 /AA 

u.uui 1 (y) 


A A 1 OO /I Ci\ 

— u.uisy (lu) 


A A1 /^O /I AA 

— U.U102 (lU) 


CD 


U.Uo/ / (Id) 


A A^OO / 1 C\ 

0.06/2 (ID) 


A A/11/1 /10\ 

0.0414 (12) 


A A'3 OT / T 1\ 

—0.032 / (13) 


A AA"? 1 / 1 1 \ 

yj.wii (11) 


A AAOA / 1 1 \ 

— U.UUo9 (11) 


Co 


A 1 A'3 

U.1U3 (z) 


0.04/0 (13) 


A A/l /^A /"I 1\ 

0.0464 (13) 


A A'30A /I A\ 

— 0.032y (14) 


A AAC/C /I 

— 0.00D6 (13) 


A AAOO /"I AA 

—0.W22 (lU) 


C/ 


A AAA 

u.uyu (z) 


A A/ITJ 
0.04jj (Ij) 


A ACTI /"I C\ 
U.UD /3 (ID) 


AA11/1 / 1 1\ 

— U.U114 (13) 


A AA /I T t ^ A\ 

— 0.0U43 (14) 


A A 1 AT /I 1 A 

— U.UlU/ (11) 


Co 


U.Uoz/ (14) 


A A/1 Qo ^^ o^ 
U.U4o2 (12) 


A A/101 /I '2\ 

(J.U4yi (13) 


AA1'20/11\ 

— U.(J13o (11) 


A AACA /I 1 ^ 

U.UUDU (11) 


A AAOT /I A\ 

— U.UU8 / (lU) 


cy 


(J.UdId (Iz) 


A A/IO 1 /I A\ 

0.0421 (lU) 


A AO O'J / 1 1 \ 

0.03o3 (11) 


A A 1 AA /'A\ 

— o.oiyy (y) 


A AA/CA /AA 

—0.0060 (y) 


A A1AC /0\ 

— U.UIUd (8) 


CiU 


A AC AA / 1 OA 

U.UdUU (Iz) 


AA/ITJ 

U.U42j (11) 


A A/l /CO / 1 1 \ 

0.0462 (11) 


A A 1 /:c /A\ 

— u.uioD (y) 


A AAT/C /AA 

— U.UU36 (y) 


A A 1 AO /AA 

— U.U1U8 (9) 


Cil 


U.Uo4z (14) 


A ACOA 

U.UDoU (1 j) 


AA-10C /10\ 

U.U42D (12) 


A ATIA /10\ 

—0.0310 (12) 


A AAC C / 1 A\ 
— U.UUDD (lU) 


A AAAO / 1 AA 

—0.0008 (10) 


Clz 


A A/1 /I 0 /■! 0\ 

U.U440 (Iz) 


A AO 10/1 n\ 

U.Uolo (1 /) 


A AC A'2 / 1 

U.UDU3 (13) 


A AO /I 0/1 0\ 

— U.U240 (12) 


A A A AO /l A\ 
— U.UUU2 (lU) 


A AATO / 1 OA 

— U.UU/3 (12) 


Ci j 


A A/l O tt ^\ 

U.(J4dz (12) 


A A/COT /"I /C\ 

O.Ooo/ (Id) 


A AC/O /"I /1\ 

0.0D62 (14) 


A AA/CA /I 1 \ 

—0.0060 (11) 


AA110 /11\ 

— U.U112 (11) 


A AA/10 /I OA 

—0.0042 (12) 


Ci4 


u.U46y (Iz) 


A AC/1/1 /10\ 

U.UD44 (12) 


A A/100 /10\ 

U.U42o (12) 


A A 1 OO /I A^ 

— U.U122 (lU) 


A A 1 AT /I A\ 
— U.U1U3 (lU) 


A AAO /: / 1 AA 
U.UU30 (lU) 


CiD 


A A/1 '2 1 /"I A\ 
U.U431 (lU) 


A A/m /1 1 ^ 
U.U4/2 (11) 


A A'2 CO /I A\ 

U.U3D2 (lU) 


A A 1 OA /0\ 

— u.uiyu (y) 


A A1 AO /OA 

— U.U1U2 (o) 


A AA/1 A /OA 
— U.UU4U (8) 


Cio 


A A/IOQ /'I 1 A 
U.U4ZJ (11) 


A A/I/^Q /"I 1 \ 

U.U40J (11) 


A A/i I A /I 1 ^ 

U.U43U (11) 


A A 1 /1 1 /'0\ 

— U.U141 (y) 


A AAOO /"OA 

— u.uuyy (y) 


A AAO /I /OA 


CI / 


A AAC ^'^\ 

(J.UyD (2) 


A AO/I /''>^ 

0.0o4 (2) 


A ATCO /"I A\ 

0.0 /d2 (ly) 


A AO CI /I n\ 
— 0.02D1 (1 /) 


A AOOA /I '7\ 

— 0.02oU (1 /) 


A A1 OA /I /lA 
— U.UlZy (16) 


Cio 


A AO /I /0\ 

U.Uo4 (2) 


A AAO /T\ 

U.Uy2 (2) 


A AA/; /o\ 

u.uyo (2) 


A A'5 AT it n\ 
—U.VJU 1 (1 /) 


A AO O C / 1 0\ 

— U.U32D (lo) 


A AOAO /I AA 

— U.U2U3 (ly) 


ciy 


A AO/; 

U.Uoo (2) 


A 1 AO 

u.iuy (3) 


A AOO /0\ 

U.Uy2 (2) 


A AO 0/1 /"I 0\ 

— U.(J224 (ly) 


A A/IOC /I 0\ 

— U.U42D (ly) 


A AO /I /OA 

— U.U34 (2) 


CzU 


U.U /Id (1 /) 


A AOA 

u.uoy (2) 


A A/i/l 1 /I '7\ 

U.U043 (1 /) 


A A1 CI /I C\ 

— U.UIDI (ID) 


A AO/IO ^1 /l^ 

~V.\jZ^Z (14) 


A A1 T^ /I CA 
— U.Ul /O (ID) 


Czl 


AA-1'5/1 

U.U4j4 (12) 


A A^OO /l C\ 

0.0662 (ID) 


AA/T/ll /1C\ 

U.L)o41 (Id) 


A AAA/C / 1 1 \ 

— U.UUUo (11) 


A Ai/n /I i\ 
— U.U16/ (11) 


A AO -IT / 1 O A 
— U.U24 / (13) 


Czz 


AA-1A1 /1'5\ 

u.u4yi (1 j) 


AAOA/1 /'10\ 

U.U6U4 (Is) 


A AC AA / 1 /C\ 

u.uDyu (16) 


A AAn / 1 '5 ^ 
— U.UU3 / (13) 


A A 1 /TO / 1 0\ 

— U.Uloo (12) 


A AOO A / 1 O A 

— U.U234 (12) 


Czj 


A A A /I /0\ 

U.Uy4 (2) 


A AT An / 1 A\ 

0.0/4/ (ly) 


A AOO /0\ 

O.Ooo (2) 


A AO 1 / 1 n\ 

—0.0216 (1 /) 


AA001 /10\ 

—0.0221 (lo) 


AA/1 AO / 1 TA 

—yj.yjWi (1 /) 


C24 


0.083 (2) 


0.0746 (18) 


0.090 (2) 


-0.0330 (16) 


-0.0194 (17) 


-0.0229 (16) 


C25 


0.0807 (19) 


0.089 (2) 


0.0634 (17) 


-0.0311 (16) 


-0.0094 (14) 


-0.0180(14) 


N8 


0.0666(13) 


0.0675 (13) 


0.0563 (12) 


-0.0171 (11) 


-0.0154 (10) 


-0.0189 (10) 


C27 


0.0594 (13) 


0.0383 (11) 


0.0583 (14) 


-0.0029 (10) 


-0.0216(11) 


-0.0111 (10) 


C28 


0.0711 (16) 


0.0411 (11) 


0.0533 (14) 


-0.0038 (11) 


-0.0189(11) 


-0.0124 (10) 



Geometric parameters (A, °) 



Ag3— C4' 


2.0449 (19) 


C8— H8 


0.9300 


Ag3— C3 


2.048 (2) 


C9— CIO 


1.465 (3) 


Ag2— C2« 


2.056 (2) 


CIO— ClO^ 


1.326 (4) 


Ag2— C2 


2.056 (2) 


CIO— HIO 


0.9300 


Agl— CI 


2.058 (2) 


Cll— C12 


1.364 (3) 


Agl— CI"' 


2.058 (2) 


Cll— HU 


0.9300 


Fe— 01 


2.1365 (15) 


C12— C13 


1.368 (3) 


Fe— 02 


2.1392 (16) 


C12— H12 


0.9300 


Fe— Nl 


2.1440(17) 


C13— C14 


1.378 (3) 


Fe— N4 


2.1489(16) 


C13— H13 


0.9300 


Fe— N2 


2.1522(16) 


C14— C15 


1.377 (3) 


Fe— N3 


2.1539(17) 


C14— H14 


0.9300 
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sup-4 



supporting information 



Ol— HIW 

01— H2W 

02— H3W 
02— H4W 
N3— C3 
N2— C2 
Nl— CI 
N4— C4 
N5— C5 
N5— C9 
N6— Cll 
N6— C15 
N7— C17 
N7— C21 
C26— C23 
C26— C27 
C26— H26 
C4— Ag3'^ 
C5— C6 
C5— H5 
C6— C7 
C6— H6 
C7— C8 
C7— H7 
C8— C9 



0.75 (2) 
0.76 (2) 
0.74 (2) 
0.73 (3) 
1.133 (3) 
1.129(3) 
1.126 (3) 
1.133 (2) 
1.333 (3) 
1.343 (2) 
1.332 (3) 
1.347 (2) 
1.327 (3) 
1.336 (3) 
1.378 (4) 
1.387 (3) 
0.9300 
2.0449 (19) 
1.369 (3) 
0.9300 
1.360 (3) 
0.9300 
1.369 (3) 
0.9300 
1.382 (3) 



C15— C16 
C16— C16" 
C16— H16 
C17— C18 
C17— H17 
C18— C19 
C18— H18 
C19— C20 
C19— H19 
C20— C21 
C20— H20 
C21— C22 
C22— C22" 
C22— H22 
C23— C24 
C23— H23 
C24— C25 
C24— H24 
C25— N8 
C25— H25 
N8— C27 
C27— C28 
C28— C28" 
C28— H28 



1.462 (3) 
1.324(4) 
0.9300 
1.360 (4) 
0.9300 
1.367 (4) 
0.9300 
1.374 (4) 
0.9300 
1.386 (3) 
0.9300 
1.471 (4) 
1.322 (5) 
0.9300 
1.352 (4) 
0.9300 
1.371 (3) 
0.9300 
1.318 (3) 
0.9300 
1.335 (3) 
1.469 (3) 
1.320 (5) 
0.9300 



C4'— Ag3— C3 
C2"— Ag2— C2 
CI— Agl— CI'" 
01— Fe— 02 

01— Fe— Nl 

02— Fe— Nl 

01— Fe— N4 

02— Fe— N4 
Nl— Fe— N4 

01— Fe— N2 

02— Fe— N2 
Nl— Fe— N2 
N4— Fe— N2 

01— Fe— N3 

02— Fe— N3 
Nl— Fe— N3 
N4— Fe— N3 
N2— Fe— N3 
Fe— 01— HIW 
Fe— Ol— H2W 
HIW— 01— H2W 
Fe— 02— H3W 



179.00 (8) 

180.000 (1) 
180.00(16) 
177.77 (6) 
88.80 (6) 
90.70 (7) 
88.18 (7) 
89.65 (7) 
90.30 (7) 
90.90 (6) 

89.60 (6) 
179.69 (6) 
89.68 (7) 
91.17(7) 
91.00 (7) 

89.61 (7) 
179.35 (6) 
90.41 (7) 

126.2 (17) 

119.1 (19) 
106 (2) 

123.3 (19) 



ClO^— CIO— HIO 
C9— CIO— HIO 
N6— Cll— C12 
N6— Cll— Hll 
C12— Cll— Hll 
Cll— C12— C13 
Cll— C12— H12 
C13— C12— H12 
C12— C13— C14 
C12— C13— H13 
C14— C13— H13 
C15— C14— C13 
C15— C14— H14 
C13— C14— H14 
N6— C15— C14 
N6— C15— C16 
C14— C15— C16 
C16"— C16— C15 
C16"— C16— H16 
C15— C16— H16 
N7— C17— C18 
N7— C17— H17 



117.5 

117.5 

123.8 (2) 

118.1 

118.1 

118.7(2) 

120.7 

120.7 

118.5 (2) 

120.7 

120.7 

119.9(2) 

120.0 

120.0 

121.16(19) 
115.02(17) 
123.81 (18) 
125.7 (2) 
117.2 
117.2 
124.3 (3) 
117.9 
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sup-5 



supporting information 



, /^-^ IT AWT 

t e — Oz — H4 W 


116 (2) 


Hi W — Oz — H4 W 


106 (3) 


/"^T XT'? T7 ^ 

C3 — N3 — re 


178.0 (2) 


Cz — Nz — ^re 


174.23 (18) 


1 XT1 T7 ^ 

CI — N 1 — re 


176.22 (19) 


L4 — N4 — Fe 


177.91 (19) 


XT^ 

C5 — ^N5 — C9 


117.53 (19) 


Cll — N 6 — L15 


1 1 T on /I o^ 

1 i/.oU (is) 


C i / — JN / — Cz 1 


i lo.4 (z) 


/^'l'? /^Ozr /^T7 

Cz3 — Czo — Cz7 


119,3 (3) 


/"^'^T /~^'^^ TT^£1 

Cz3 — Czo — Hz 6 


1 '^A vl 

lzU.4 


Cz7 — Czo — Hz 6 


1 'lA /I 

lzO.4 


N3 — C3 — Ag3 


179.1 (2) 


N2 — C2 — Ag2 


176.6 (2) 


XT 1 Z"' 1 A 1 

Nl — CI — Agl 


175.4 (2) 


XT /I /" /I A O iv 

N4 — C4 — Ag3 


178.9 (2) 


XTC /~^C /^ZT 

N5 — C5 — Co 


124.1 (2) 


XTC TTC 

N5 — C5 — H5 


1 1 O A 

118.0 


C6 — C5 — H5 


118.0 


C7 — Co — C5 


1 1 O A /'^\ 

118,0 (2) 


r^n f^c. u/z 
C / — Co — ^Ho 


Izl.U 


TT/' 

C5 — Co — ^H6 


1 1 A 

121.0 


Co — C7 — Co 


1 1 A /I 

119.4 (2) 


/^ZT TTT 

Co — C7 — H7 


1 OA T 

120.3 


/-10 /-lr7 XT'? 

Co — C / — H / 


120.3 


/^o /^r\ 

C7 — Co — C9 


1 1 A T /'^\ 

119.7 (2) 


C7— C8— H8 


120.2 


C9— C8— H8 


120.2 


XTC r^c\ r^Q 

jnd — cy — Co 


izi.io (ly) 


N5 — C9 — CIO 


lie T ^ /"I 0\ 

115.36 (18) 


C8 — C9 — CIO 


IT? ,1 / 1 A\ 

123.46 (19) 


KA\r — CIO — C9 


125.1 (2) 


1 XTO 

Ol — Fe — N3 — C3 


-98 (7) 


T7 , XTT /^'J 

(J 2 — Fe — N3 — C3 


82 (7) 


XT1 T7 ^ XTI 

Nl — Fe — N3 — C3 


-9 (7) 


XT/1 XT1 /^'3 

JN4 — re — Hi — C3 


A 1 /A\ 

-91 (9) 


N2 — Fe — JN3 — C3 


172 (7) 


^\^ XT^ 

Ul — Fe — JN2 — C2 


^ /I / 1 A\ 

6,4 (19) 


t~\'^ T7^ xT'^ r^/^ 
U2 — Fe — N2 — C2 


1 T 1 y1 /I A\ 

—171,4 (19) 


XT1 "C^ XTO 

JN i — re — N2 — C2 


5 (14) 


XT/i T7^ xn 

N4 — Fe — Jn2 — C2 


O 1 T 1 A\ 

-81.7 (19) 


XTO "C-i 

JN3 — Fe — JN2 — C/ 


9/. 6 (19) 


Ol— Fe— Nl— CI 


153 (3) 


02— Fe— Nl— CI 


-29 (3) 


N4— Fe— Nl— CI 


-119(3) 


N2— Fe— Nl— CI 


155 (12) 


N3— Fe— Nl— CI 


62(3) 



C18 — C17 — H17 


117.9 


C17 — C18 — C19 


117.6 (3) 


1 T /~110 TT1 O 

C17 — C18 — ^H18 


121.2 


y~1 1 A /~1 1 O TT 1 o 

C19 — C18 — ^H18 


121.2 


CI 8 — C19 — C20 


1 1 A T \ 

119.7 (3) 


C18 — C19 — H19 


120.2 


r~i^i\ /~i 1 A TT1 A 

C20 — C19 — HI 9 


120.2 


C19 — C20 — C21 


1 1 A \ 

119.2 (3) 


C 1 9 — CzO — HzO 


120.4 


C21 — C20 — H20 


120.4 


XT'? 1 /"i'^A 

N7 — C21 — C20 


120.8 (3) 


XT'? /^'^ 1 /^OO 

N7 — C21 — C22 


1 1 /I A /'^X 

114.9 (2) 


C20 — C2 1 — C22 


124.3 (3) 


C22™ — C22 — C21 


124.8 (3) 


C22"' — C22 — H22 


117.6 


C2 1 — C22 — H22 


117.6 


C24 — C23 — C26 


119.5 (3) 


C24 — C23 — H23 


1 '^A 

120.2 


C26 — C23 — H23 


120.2 


C23 — C24 — C25 


117.7 (3) 


C23 — Cz4 — Hz4 


121.1 


C25 — C24 — H24 


121.1 


N8 — C25 — C24 


124.3 (3) 


XTO C tl^C 

N8 — C25 — H25 


117.9 


C24 — Cz5 — Hz 5 


1 1 '7 A 

117,9 


C25 — ^N8 — C27 


118.2 (2) 


N8— C27— C26 


120.8 (2) 


N8— C27— C28 


115.41 (19) 


i^'^^ /~i'*>'7 /~i'*>0 

C2o — C27 — C28 


123.8 (2) 


C28™' — C28 — C27 


125.7 (3) 


028"^'" — C28 — ^H28 


117.2 


/~1'^'7 /"I'^O Ty^o 

C27 — C28 — H28 


117.2 


C7 — C8 — C9 — C 1 0 


-\16A (2) 


N 5 — C9 — C 1 0 — C 1 0"^ 


-158.2 (3) 


C8 — C9 — C 1 0 — C 1 0^ 


21.1 (4) 


A -t c XT/' 1 1 1 

CI 5 — N6 — Cll — C12 


1.8 (3) 


XT/' /" 1 1 /" 1 '^ /—1 1 o 

N6 — Cll — C12 — C13 


0.6 (4) 


Cll — C12 — C13 — C14 


-2.0 (4) 


C12 — C13 — C14 — C15 


1 A //( \ 

1.0(4) 


/—I 11 XT/' /~" 1 C 1 /I 

Cll — N6 — C15 — C14 


-2.8 (3) 


/-'^ 1-1 XT/' /~1 1 ^ /""I 1 

Cll — ^N6 — C15 — C16 


176.90 (17) 


C13 — C14 — C15 — N6 


1.5 (3) 


C13— C14— C15— C16 


-178.2 (2) 


N6— CI 5— CI 6— CI 6" 


-159.6(3) 


C14— C15— C16— C16" 


20.1 (4) 


C21— N7— C17— C18 


1.7 (4) 


N7— C17— C18— C19 


1.1 (5) 
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supporting information 



T7 XT/1 /I 




1 A 

-34 (5) 


C 1 / — C i o — C 1 y — CzU 


1 C\ fZ\ 

-1.9 (5) 


Uz — re — JN4 — C4 




\ Ail ( C\ 

i4o ) 


r^AQ r^\c\ r^'^f\ /^oi 


U.U (5) 


Nl — re — ^N4 — C4 




—123 (5) 


C 1 7 — N 7 — C2 1 — C20 


-3.8 (4) 


XT^ T7^ XT /I /"'/I 

N2 — re — ^N4 — C4 




57 (5) 


1 T XT'? t^'^ 1 /^'^'^ 

C 1 7 — N 7 — C2 1 — C22 


176.0 (2) 


XT1 T7 XT /I /I 

JN J — r e — JN 4 — C4 




-41 (9) 


/^in r^'^Ci XT'? 
Ciy — CzU — Czl — N / 


1 f\ /' A\ 

3.0 (4) 


XTT A ^1 

be — N3 — C3 — Ag3 




—52 (20) 


C 1 y — C2U — C2 1 — C22 


1 '?zr o \ 

—176.6 (3) 


Ai A XT'? 

L4' — ^Ag3 — C3 — N3 




—52 (lo) 


XT'? /~"^ 1 r^'^'^ /~^'^'^vil 

N7 — C2 1 — C22 — C22™ 


—167.0 (3) 


re — N2 — C2 — Ag2 




-54 (5) 


CzU — C2 1 — Czz — C22 


12.9 (5) 


L.2 — AgZ — Cz — JN Z 




y5 (iou) 


r~"^n /^OjC /^tj r^'~) a 
Cz / — C2o — Cz3 — C24 


-0.2 (4) 


T7„ ATI 1 A —1 

l<e — N 1 — CI — Agl 




—20 (6) 


C26 — C2i — L24 — C25 


-2.4 (5) 


CI — ^Agl — CI — Nl 




—164 (100) 


C23 — C24 — C25 — N 8 


2.5 (5) 


t e — N 4 — C4 — Agi 




—78 (13) 


C24 — C2 5 — N 5 — C27 


f\ A / A\ 

0.4 (4) 


/^n XTC /^c 

Cy JN D C3 Co 




0.7 (3) 


CzD — JN 0 — C2 / — C2o 


-3.2 (3) 


N5— C5— 06— C7 




2.2 (4) 


025— N8— 027— 028 


175.4 (2) 


C5— C6— C7— C8 




-2.6 (4) 


023— 026— 027— N8 


3.2 (4) 


C6 — C7 — C8 — C9 




0.2 (4) 


023 — 026 — 027 — 028 


-175.4 (2) 


C5— N5— C9— C8 




-3.3 (3) 


N8— 027— 028— 028™ 


-167.6 (3) 


05— N5— 09— CIO 




176.02(18) 


026—027—028—028™ 


11.0(4) 


07— 08— 09— N5 




2.9 (3) 






Symmetry codes: (i) x-l,y+l, z; (i 


i) -X, 


-y+\, -z+1; (iii) -y+2, -z; 


(iv) x+l,>^l, z; (v) -y+\, -z; (vi) -x+1, 


-y+\, -z+1; (vii) -x+2, -y+2. 


-z; (viii) -x, -y, -z+1. 










Hydrogen-bond geometry (A, °) 








D—R-A 




D— H 


n-A D-A 


D—n-A 


Ol— H2fF-N5 




0.76 (3) 


2.07 (3) 2.829 (2) 


174(2) 


02—mw-m 




0.73 (3) 


2.09 (3) 2.823 (3) 


174 (3) 


01— Hlff-N7« 




0.75 (3) 


2.14 (3) 2.870 (3) 


164 


02— H3r-N8'' 




0.74 (3) 


2.15 (3) 2.868(3) 


162 



Symmetry codes: (ix)x-l,>',z; (x)x,>H-l,z. 
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